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r»i:vrr/»n . nv  rim nyp  PRATING  OF  GUNS 


‘■br.  tract 


Ciirc/.lxtv.  .'dating  of  mill  ads  barrels  results  in  longer  accuracy 
llfo.  No*,  v^r,  the  cozt  of  plating  Is  er.ee crivo  comp?. red  to  the  re¬ 
sults  obtained,  y.*.5  plptirg  of  ;*/  *•••''•  c*ui  barrels  to  date  ha3  been 
vncatiafcctory.  The  ehroulura  plat.  In/;  of  3“  A. A.  gun  txxbe s  has  been 
m>ccosr.ful  insofar  ar.  the  technique  of  platin'1,  in  concerned,  but  tho 
expected  increase  in  accuracy  life  has  not  materialized.  Tho  use  of 
cV"  ’•  »  pi •* tiny,  ‘ny  for  ,  m  Vrrroln  i  r.  not  economical. 


Introduction 


Tho  following  instructions  were  issued  by  the  Chief 
ol*  Ordnance  concerning  t.ho  investigation  of  tho  develoomcht 
of  c hr one  ulnting  of  guns  (0.0.  400.276/144*  A.P.G.  472/312- 
Root.  V,  1937): 

Ml.  It  is  requested  that  &  study  be  made  of  the 
development  ol*  plating  of  bores  of  guns. 

2.  In  this  study  it  in  desired  that  the  Proving 
Ground  nnd  other  available  records  be  examined  and  historical 
survey  bo  prepared  shewing  the.-  steps  taken  by  the  Department 
in  the  development  cf  slating  of  boros,  both  of  small  arms 
nnd  of  lar^r  calibers. 

3.  It  is  desired  that  the  sources  of  authority  for  all 
statements  bo  given,  either  r.s  a  footnote  or  by  reference  to 
r.  bibliography  appended.  If  technical  reports  are  available 
concerning  investigations,  nt  other  establishments,  or  by 
other  agencies,  it  is  desired  that  they  be  considered  and 
weighed  in  drawing  conclusions. 


TMs  do<"’rr<*n t  br>”  ’v'r-n  reproved  for  public  release 

nnd  s^Lo,  itr  tli  •  tr ’button  is  unlinited. 


4*  It  ir.  doMrnd  thnt  the  study  bo  presented  In  report 
form  sad  be  available,  If  practicable,  by  October  31* 


By  order  of  the  Chief  of  Ordnance* 


(0.  F.  Jenks) 


G.  F.  Jenks, 

Colonel,  Ord.  Dept., 
Assistant.0 


Procedure 


The  chromium  plating  Investigations  of  the  Ordnance  De¬ 
partment  were  conducted  on  several  types  of  guns  concurrently. 
Also  the  application  of  the  chromium  plating  process  was  done 
at  throo  or  more  separate  daces.  In  view  of  those  facts,  the 
study  fcss  been  dlvl^o1  Into  cr\*  •  -  follow;.? ;  and  the 
chronological  order  of  occurrence  has  been  followed,  where 
possible: 


I  -  Technique  of  chromium  plating. 

II  -  Investigation  of  chrome-plating  applied  to 
small  arms  barrels. 

Ill  -  Investigation  of  chrome-plating  applied  to 
37  mm  gun  barrels. 

IV  -  Investigation  of  chrome-plating  applied  to 
antiaircraft  gun  liners. 

V  -  Resume  and  conclusions. 


I  -  Technique  of  Chromium  Plating 


The  principles  underlying  chromium  plating  ere  briefly 
as  follows;  (See  "The  electredeposition  of  chromium",  E.  A. 
Ollard,  A.R.C.S.,  May  17,  1935,  Electrometallurgy,  pp.  541-) • 

The  solution  used  is  chromic  acid  containing  a  small 
amount  of  sulohate.  All  commercial  plating  baths  are  of  this 
composition.  It  is  dense,  brown,  opaque,  strongly  acid  and 
oxidising. 

It  is  made  by  dissolving  commercial  chromic  acid  in 
water  and  adding  sulphate  as  chromium  sulphate  or  sulphuric 
acid.  Commercial  chromic  acid  is  really  chromic  acid  anhydride 
or  chromium  trloxide  (Cr  Cu) .  In  water  it  forms  chromic  acid 

(H  Cr  0.).  It  then  probably  forms  bi-chromic  acid  (H  Cr  0„) 

2  4  2  2* 

since  it  becomes  red.  Bi-chromates  are  red,  whereas  chromates 
are  yellow. 

When  this  solution  works  between  two  electrodes,  it  rapidly 
turns  dark  brown,  and  becomes  opaque,  due  to  the  partial  re¬ 
duction  of  chromic  acid  and  the  formation  of  complexes.  The 
effect  at  the  anode  is  oxidising,  at  the  cathode  it  is  reducing. 

When  the  current  is  on  the  following  reactions  occur: 

2  Cr  0,  - >  2  Cr  +  3  0 

3  2 

2  H  0  - >  2  H  +  0 

2  2  2 

The  H  and  Cr  are  at  the  cathode  and  the  0  at  the  anode. 

2  2 

The  current  efficiency  is  low  with  this  set-up,  because  water 
breaks  up  at  low  voltage,  and  the  current  is  mainly  used  in 
breaking  up  the  water,  leaving  little  available  for  the  de¬ 
posit  of  chromium. 

The  current  densities  vary  directly  with  the  temperature 
of  the  solution,  its  composition  and  the  type  of  the  object  to 
be  plated.  Current  densities  vary  from  SO  -  100  amperes  per 
square  foot  to  900  -  1000  amperes  per  square  foot. 

Although  the  solution  is  complex  and  its  reactions  are 
not  understood  completely,  the  solution  is  not  difficult  to 
control.  The  usual  impurities  in  the  solution  are  destroyed 
by  oxidation  due  to  the  temperature  of  the  solution.  Three 
factors  must  be  controlled,  the  chromic  acid,  trivalcnt 
chromium  and  the  sulphate. 


Frnnkford  Arsenal  I'xner iments • 


A 


> 


The  i ra.nkf  ord  Arscnnl  initiated  the  development  of 
chromium  plot  In;:  of  gun  barrels  in  the  Ordnance  Department 
in  1927.  Majors  A.  D.  Cuotls  and  George  A.  Woody 9  Ord¬ 
nance  Department,  first  conceived  the  idea  of  using  this 
process  for  this  purpose. 

In  the  early  experiments  with  small  arms  barrels,  the 
barrels  were  hold  vertically  v/ith  a  long  cylindrical  anode 
placed  centrally  the  entire  length  of  the  boro.  Difficulties 
in  eliminating  gas  in  solution,  obtaining  flow  of  solution, 
keeping  the  anode  centered,  all  led  to  uneven  and  unsatis¬ 
factory  plating. 

The  early  solution  consisted  of  40  ounces  of  chronic 
acid  and  .4  ounces  of  chromium  sulphate  to  one  gallon  of 
water.  Current  densities  of  100  amperes  per  square  foot  were 
used  for  steel,  2 JO  amperes  per  square  foot  for  nickel,  copper, 
or  brass.  The  tenaerature  of  the  solution  was  maintained  at 
115°  to  120°  F. 


The  cost  of  chromium  si;  ting  a  small  arms  barrel  was 
aoproxinntely  $1.43.  As  this  was  40,-  of  the  cost  of  the  ori¬ 
ginal  barrel,  the  use  of  the  process  for  small  arms  barrels 
suffered  a  set-back.  Instead  of  entering  into  p.  production 
basis  in  the  use  of  the  process,  the  project  remained  one  of 
limited  experiment. 


An  improved  method  of  plating  was  developed  later  in 
which  the  barrels  vrere  submerged  vertically,  breech  end  down 
in  the  solution.  A  movable  anode*  ran  centered  accurately  in 
the  bore.  As  this  was  withdrawn  the  thickness  of  plate  in 
strategic  places  v/ao  controlled. 


Plating  was  placed  directly  on  the  highly  polished  metal 
of  the  barrel,  as  the  introduction  of  an  intermediate  plate 
to  increase  the  anti-corrosive  properties  resulted  in  a  com¬ 
posite  plate  which  did  not  stand  wear.  With  this  new  device, 
a  .30  Cal.  rifle  barrel  was  chromium  plated  in  about  2  hours. 


The  practice  of  plating  with  chromium  finally  developed 
two  standard  solutions.  The  so-called  "Bureau  of  Standards" 
solution  vms  used  almost  entirely  in  the  Last  and  consisted 
of  33  ounces  oi  chromic  acid  and  .3  ounces  of  sulphuric  acid 
per  gallon  of  water. 

The  so-called  "Commercial"  solution,  used  orinci  pally 
in  the  middle  and  far  West  consisted  of  55  ounces  of  chromic 
acid  and  .3  ounces  of  sulphuric  acid,  per  gallon  of  water. 
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Tho  Burocu  ol*  rtandnrda  ctatoc  that  the  plating  range  of  tho 
latter  solution  is  United  at  the  high  temperatures  of  solu¬ 
tion. 


The  higher  temperatures  of  solution  which  were  adoptee! 
allowed  higher  current  densities  end  formed  tho  plf  to  moro 
reoldly.  It  was  more  donee  end  closoly  packed  t han  where 
lower  temperatures  were  used. 


Tho  above -mentioned  procedure  was  uaed  In  chromium  plnt- 
Ing  tho  small  arms  barrels,  the  37  mm  gun  barrels,  nnd  3W  A./.. 


f,uii  liners,  Ml,  in  j.un:.  ;.\i.  ?.  and 
Porcine  dumber  8301-1  nnd  #301-2, 
report. 


•iO. 


3.  Those  liners  were 

described  later  In  this 


The  3"  A. A.  gun  liner,  M3  -  Mo.  1  (Forging  12«62-6-55) 
was  probably  RhrnmUim  plated  at  the  Frankford  Arsenal.  There 
is  no  definite  Inform  ticn  available  as  to  tho  history  of  Its 
pie  ting.  Ho  over,  the  original  directive  provided  for  the 
plating  of  three  (3)  liners.  Two  were  tested  In  192#.  The 
liner  tested  in  192#  may  have  boon  the  third  liner,  plating 
of  which  may  hr.vo  been  deferred  until  1929,  although  there 
Is  no  record  available  to  substantiate  this  assumption. 


Tho  four  3“  A. A.  gun  liners,  M3,  Nos.  7,  8,  9  r.nd  10 
v/ure  ehromiuu  plated  b;.  II*«:  Company,  Buffalo, 

Mow  York  In  1939.  This  res  done  by  their  personnel  and  ord¬ 
nance  inspectors  were  dented  admittance  to  the  Dieting  plant. 
It  can  be  assumed  that  the  technique  was  representative  of 
that  period.  It  was  apparent  by  Jnspocticn  of  the  bore  that 
a  straight  anode  was  used  as  relatively  little  chromium  was 
deposited  In  tho  groover  and  none  on  the  chamber  walls.  The 
greater  distance  of  the  grooves  and  chamber  walls  from  the 
straight  nnede  and  tho  relative  weak  "throw"  of  tho  plating 
solution  caused  this  condition. 


3n  A. A.  gun  liner  M3.  Ho.  13#  was  plated  at  tho  HoviffL 
Cun  Factory ,  Washington,  P.C.  using  o  technique  which  they 
have  found  successful  in  their  own  work.  Tho  "Bureau  of 
Standards"  solution  was  used.  The  temperature  of  the  bath 
v/as  maintained  at  170°  I.  and  o  current  of  1600  amperes 
was  applied  for  1  hour  and  10  minutes.  A  plate  .0005"  to 
.0007"  thick  should  result.  (See  U.S.M.G.F.  chart  - 
chromium  plating  3”  A. A.  gun  liner,  M3,  Ho.  138  -  January  8, 
1936) . 


The  navy  method  of  plating  has  been  successfully  applied 
to  guns  in  their  service  up  to  #-inch  caliber.  The  tendency 
of  projections  on  an  object  to  be  plated,  such ‘as  tho 
corners  of  tho  lands  ol  rifling;  to  throw  out  radial  pro¬ 
jections,  or  stalactltic  forms,  known  ns  "trees",  (Wvt. 
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Arc.  L12f  !.!, '--Incl.  1)  has  bean  n  problem  to  bo  solved  in 
connection  with  thick  plating.  It  is  nossiblo  that  the 
breakdown  end  tendency  of  the  pint  In/;  to  pool  In  tho  early 
;)letod  liner;:  any  be  duo  to  this  »heno: tenon.  It  in  possi¬ 
ble  that  the  navy  not  hod  of  pie  tiny,  really  n  chrome  "wash” 
ol  npproxln;  toiy  .01)05”  thickness,  may  account  for  the  suc¬ 
cess  of  their  method. 


* 


It  -  Tnvertl »»•  tieo  of  Chrono-tv)  "•tinr  /mi  iod 
to  Enel l  J\ Barrels 


The  Frnnkfcrd  /-rrenr.l  reported  in  Minutes  of  Conference 
on  Chromium  Plating,  July  1929  at  that  svsom.l  that 
chromium  dated  riile  barrels  gave  the  following  results  in 

local  tests. 


Ho.  rounds  fired  in  each 
Muzzle  velocity  at  7°  l'a  t. 

chromium  plrtcd  barrel 
non-  ”  ”  b:  rrel 


Spread  of  pattern  -  pi  a  toe  barrel 

t?  tt  *  *  '  '  *1 

1  *  I  •  i  '  .  >  V  wU  *  L-.  .  I  .1 

Tipping  and  key ho liny  -  plated  barrel 

non- plated  barrel 


-15,000 

-  2312  f.s. 

-  2177  f.s. 

-  /..05” 

-  Id” 

-  Hone 

-  M:  rked 


They  also  noted  an  increase  in  velocity  after  several 
thousand  rounds,  In  their  opinion,  clue  to  lubricating  and 
smoothing  properties  of  chromium  plating. 

Based  on  these  tests  e  50?'  increase  in  accuracy  life 
of  barrels  res  indicated. 


As  a  result  of  this  and  other  tests,  the  Ordnance  Office 
authorized  the  chromium  elating  of  several  rifle  and  machine 
gun  barrels  ior  Proving  Ground  and  service  tests. 


Proving  Ground  Tests . 

In  October  16,  1929,  the  first  Proving  Ground  tests  were 
completed  and  reported  upon  in  "First  Partial  Kcoort"  under 
the  title  of  "Corrosion  and  Erosion  in  Email  Arris  with 
Chromium  Plated  Barrels". 
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Rifle  f-r.ti  . 30_Ca 1  •  MfPhlno  (am  lirrrc Is, 

Tho  inn  tor  Id  for  this  tent  Included: 

3  -  barrels,  .33  Cal.  Ml  903  -  Vos.  1296H19; 
1296755  nr.fi  1296696. 

3  -  barrels,  .30  Cal •  Ji.M.G.  v/atur-coolod,  M1917, 
Kos.  01;  02}  03. 


Procedure  followed  r  i  thTrlflo  barrels 

Tho  tests  oi'  the  rifle  barrels  included  stsrgaugiRG 
nftor  each  1000  rounds,  five  rrund  velocity  and  2-10  round 
accuracy  targets  at  0  and  after  each  1090  rounds.  The 
rounds  to  eo.T.elete  c*i  eh  1999  rrunds  vert?  fired  for  erosion 
rt  the  rate  of  1  ocr  6  socondf  .  I  ifles  were  cooled  after 
each  50  rounds.  *S ter  each  1099  rounds  the  rifles  were  sot 
aside  for  corrosion  test  for  72  hours. 

The  accuracy  life  war.  considered  to  be  lost  when  the 
average  mean  radius  of  two  consecutive  targets  at  600  yard 
measured  11  inches. 

Proe oduro  foil  lowed  wijh  wachi r.q  r.rp  barrels 

The  tests  of  the  r-.rehi.no  gun  barrels  included  star- 
gauging  every  1000  rounds,  live  round  velocity  targets 
were  fired  after  each  2000  rounds.  Targets  consisted  of 
50  round  bursts  at  1009  inches,  and  were  taken  as  the  last 
firings  in  each  1000  rounds  in  order  to  be  sure  barrel  was 
hot. 


Rate  of  fire  was  200  rounds  per  minute.  After  each 
1000  rounds  the  barrel  was  laid  aside  for  72  hours  to  ob¬ 
serve  corrosion. 

The  accuracy  life  was  considered  to  be  lost  when  4  or 
more  keyholes  or  tips  occur  on  2  out  of  3  consecutive  targets. 

Results  of  tests  of  rifle  and  machine  rum  barrels 

In  these  tests  the  rifles  lost  their  accuracy  life  at 
6003  to  7090  rounds;  19-20,090  and  34-35,000  rounds  respective 
ly.  It  was  believed  that  the  first  rifle  barrel  was  bent. 

Tho  machine  gun  barrels  after  20,000  rounds,  21,500 
rounds  and  3-1,500  rounds,  respectively . 

Conclusions  re:-  ohod  in  test  of  rifle  and  rnachin n  n in  barrels 

The  conclusions  reached  in  this  test  were  that  ” chromium 
plating  very  materially  increases  thej  resistance  of  small 
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boron  to  both  erosion  und  corrosion*'. 

m.  to.l  Barrels 

Tho  Third  Partial  Report  under  the  above  tent  shows  that 
a  number  of  chromium  plated  pistol  barrels  vfp.ro  tested.  Those 
were  fired  10  rounds,  then  set  aside  for  72  hours  until  a 
total  oi  1000  rounds  had  been  fired  through  each. 

.After  POO  rounds,  tv;o  of  the  barrels  showed  corrosion 
and  erosion  1/2  to  3//"  from  the  brooch  ends. 

It  was  concluded  as  a  result  of  this  test  that  chromium 
plating  very  materially  increased  the?  resistance  of  the  bar¬ 
rels  to  corrosion  and  erosion. 


.50  Cr»l.  M.G.  Barrels 


In 

.50  Cal 


the  Fourth  Partial  Re-sort.  under  the  above  test,  3  - 
M.G.  barrels,  Ron.  52.1,  52 5  and  536  were  tested. 


The  test  of  the  ,f>Q  Cal.  b 
firing  in  25  round  bursts  at  th 
taking  2-25  round  targets  as 
rounds,  all  firings  at  1000  Inc 


arrels  consisted  of  eroslcn 
o  rate  of  200  round s/mi nut e 
the  last  two  bursts  of  500 

he” . 


> 


Tho  accuracy  life  v/as  considered  at  rn  end  when  4  or  more 
bullets  keyholed  or  tipped  on  2  out  of  3  consecutive  targets. 

Tlpolng  occurred  after  500  rounds,  the  blame  for  which  was 
laid  to  the  use  of  light  barrels  instead  of  11  lb.  barrels. 

.30  Cal.  M.G.  Barrels 


The  Fifth  Partial  Report  under  tho  above 


test 


tho  test  on  2  -  .30  Cal.  M.G.  barrels,  Nos.  M66 


reports 
and  H69. 


These 


barrels 


were  fired  for  velocity  at  1000  inches  and 
were  then  used  on  current  work.  The  records  are  rather  monger 
but  at  12^95  and  12720  rounds  resoectively,  tho  barrels  were 
reported  to  be  still  within  their  accuracy  life  insofar  as 
nuzzle  velocity  is  concerned.  They  had  each  lost  250  f.s.  in 
velocity  and  132  yards  in  range  at  1000  yards  and  90  inches 
in  elevation. 


» 

Resume. 

The  tests  performed  at  Frnnkford  Arsenal  showed  n  50$ 
increase  in  accuracy  life  of  plated  barrels. 
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Sevan  l  standards  of  nceurecy  life  wero  established. 
Those  wore  based  on  the  following  f  re  tor  a,  singly  or  in 
combination. 

(a)  Loss  in  muzzle  velocity. 

(b)  Spread  of  pattern. 

(c)  Tipping  and  keyhollng. 

(d)  Loss  in  range. 

(o)  Ctnrgt’.ugft  measurements. 

The  conclusions  in  each  lest  were  to  the  effect  that 
erosion  and  corrosion  wore  materially  reduced  in  small  arms 
barrels  when  they  were  plated. 

The  high  cost  of  chromium,  plating  undoubtedly  caused  the 
project  to  be  suspended. 


Til  -  Invest?  ration  of  Chrc-n l*:  :  ">latln,:  a  nulled  to  ?7  vm  Gtm 

V.  a^rol  s 

The  Ordnance  Committee  in  O.C.M.  Item  691?,  April  ?, 
1928,  stated  as  follows: 

"Recent  experiments  with  chromium  plating  of  ma- 
chlnc  gun  barrels  indie;  ten  a  narked  increase  in  ac¬ 
curacy  life". 

It  further  recommended  that  tro  of  the  four  ?7  mm  A. A.  guns 
(barrels)  Ml  bo  chromium  slated  for  use  during  the  1928  A. A. 
exercises.  The  "recent  experiments"  referred  to  wore  prob¬ 
ably  those  conducted  at  the  irankford  Arsenal. 


Proving  Ground  Tests. 

In  the  questionnaire  cent  to  the  Aberdeen  Proving  Ground 
in  connection  with  the  192^  A. A.  exercises,  page  6,  par.  2S, 
the  statement  is  made: 

"The  bores  of  two  (?7  mrn  A. A.)  guns  have  boon 
chromium  plated  In  an  effort  to  increase  the  accuracy 
life.  Compare  the  erosion  and  coppering  with  and 
without  the  plating". 


The  stargauge  records  ;t  the  Proving  Ground 
that  37  n:n  browning  Automatic  3330  f.n.  guns,  M.l 
(C4f>?>8)  and  4-(C45f>7)  were  chromium  plated.  The 


Indicate 
,  IIos.  3 
thickness 


9 


of  plating  or  other  Information  t.'>  not  nvntlnble#  The  firinc 
records  taken  during  the  teats  make  no  mention  ol*  the  chromium 
plntin^  or  its  behavior. 

Tho  Otar  (jau^.e  records  are  no  follows: 


37  rin  Gnnt,  U.A..  3000  f.s.-Xl.  Wo.  3  (U5tf) 
After  ft  rounds . 


in 


Distance 
from  origin 

bands 

change  In  die . 

Grooves 

filUGliL-llL 

cl  i  a . 

1.?»‘ 

.000 

.000 

10.5 

.0005 

.000 

10 

.0010 

.000 

22  e3  rounds. 

Distance 

Lands 

Grooves 

r 1  •  “>  ^  '  n  d  !  -  , 

chon  ye  in 

..-.ill* 

U" 

-.002 

-.002 

12 

.000 

.000 

10.5 

.011 

.003 

10 

.03  6 

.004 

At  the  nuzzle  the  chromium  ulatinc;  was  worn  off  of  tho  lands. 
Tho  minting  in  tho  grooves  epacorod  to  bo  satisfactory.  The 
first  third  of  the  bore  forward  of  tho  origin  vos  entirely 
devoid  of  pin  tint;.  The  bo  c  was  moderately  coppered  between 

lA"  and  32,?  from  origin. 

37  mm  thin.  B . A . .  3000  l?o.  4  (C4557) 

After  13  rounds. 


Distance 
from  breech 

12 

10.5 

10 


Lends 


Grooves 


change  in  din,  change  in  dla. 


.000 

.0005 

.0010 


.000 

.000 

.000 


10  - 


1^0  rounds. 


Distance 
from  brooch 


Lands 


Groove: 


0)1 :  nge  In  ula .  change  In  d  J_n . 


10.5 


-.003 

.000 

.001 

.010 

.01.5 


-.005 

-.001 

.001 

.005 

.003 


At  the  rniuialf!  tho  chromium  plating  was  mostly  v/orn  off 
of  tho  lands  and  partly  out  of  th^  grooves.  The  first  third 
of  tho  boro  forward  of  tne  origin  shored  no  ov id once  of  pinto 
remaining.  Copparing  in  moderate  amount  whs  observed. 

After  All?  rounds. 


In  1937  this  gun  was  again  siargauged. 


Distance 
from  breech 

16 

14 

13 

12 

10.5 

10 

9.75 


Lands 


Grooves 


cliango  In  din.  chon  fro  In  din. 


-.001 
OO  ') 

.005 

.011 

.022 

.023 

.033 


-.092 

,009 

.006 

.013 

.033 

.034 

.036 


The  report  of  the  1920  A. A.  Exorcises,  page  103,  por. 

1B9,  states: 

"The  bores  of  two  of  tho  37  mm  guns  (Full  Auto¬ 
matic,  *'»1  -  Browning)  were  chromium  plated.  Those 
barrels  seem  to  be  subject  to  erosion  to  the  same  ex¬ 
tent  as  the  two  non- chromium  barrels.  As  in  the  case 
of  the  3-inch  gun,  this  elating  came  off  in  flakes 
after  firing  a  few  rounds.  The  average  rate  of  fire  is 
75  rounds  per  gun  per  minute,  while  the  maximum  rate  is 
105  rounds  per  gun  por  minute". 

and  page  1A4>  par.  234s 

"That  chromium  plating  for  the  bores  of  37  mm  guns 
is  unsatisfactory  In  the  present  state  of  development". 
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Com  viratlvo  r.roalorj 


tint  1*1  i.  t.^d 


Pin tort 


H  o. 

Rounds 


The  standard  of  comparison  In  these  tests  lr>  based  entirely 
on  the  star£au£0  records. 

The  pooling  of  the  chromium  elating  Is  due  to  faulty  tech¬ 
nique  of  plating  In  all  probability. 

Based  on  comparative  erosion  of  tro  plated  vlth  t’.70  unplatcd 
barrels,  there  is  little  difference  in  the  erosion  rate*. 

The  conclusions  of  the  Antiaircraft  Board,  192**,  ore  sound, 
based  on  the  limited  tests. 
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IV  -  Invorttmtlon  of  Chrome  P.lnti  nr.  Applied  to  Antiaircraft 

frl.nera 


In  0.0. M.  lto*n  6P/.5,  March  15,  19.?*,  the  Ordnance  De¬ 
partment.  toe!:  the  first  official  action  vlth  regard  to  chrome 
plating  the  bores  o f  antiaircraft  guns.  The  possibilities 
of  this  process  as  a  nouns  of  prolonging  tho  accuracy  lifo  of 
gun  barrels  had  been  informally  considered  prior  to  this  lino, 
and  numerous  expert  ':ontc  had  been  conducted  at  tho  Frnnkford 
Arsenal  with  chrome  >iated  email  arms  barrels,  based  on 
experiments  and  the  general  i  uoption  of  chrome  plating  by 
dustry  In  prolonging  the  life  of  dies,  punches,  etc.,  the 
con.mcndat ion  was  made  by  the  Ordnance  Committee,  that  the 
bores  of  three  antiaircraft  liners  Mi  bo  chromium  plated. 

These  were  to  be  plated  to  a  thickness  of  .0305''. 


those 

in- 

re¬ 


in  o  born  diameters  worn 
of  this  added  thioknr as  of  pi 
to  the  same  d Incus lens  os  th* 
chromium  »>.i; ting  conic  be  re 
that  It  was  not  satisfactory; 
shu 7/  that  tv. r  o i  those  liners 
ing  the  rut''  ?  .''"•’ft  ny*  rV»  ~r 
and  1  ort  Humphreys  (nova  J  ort 
November,  19?'!.  !Jo  record  oi 
the  Proving  Gr:und.  It  is  pr 
tested  in  1923,  as  no  record 


not  to  be  increased  to  take  care 
sting*  the  liners  to  be  machined 
.  i  a  rid  nr  d  liners  so  that  the 
ovod  electrically  in  the  event 
records  at  the  Proving  Ground 
were  completed  and  tested  dur- 
o  •  t  t*'0  '•bo',dcen  Proving  Ground 
dolvoir),  Va.,  September  to 
the  third  liner  can  be  found  at 
obablo  that  this  third  liner  vans 
can  be  found  as  to  its  origin. 


Results  of  Test  of  Chrome  Plated  Liners  during  192P  Antiaircraft 


Exorcises 


The  tuo  liners  which  were  tested  v?ere  assembled  to  3"  A. A. 
gun  Ml,  Serial  ’Ion.  2  and  3.  These  liners  were  designated  as 
lorglngs  lies.  P-301-1  and  P301-2  respectively.  Tho  forgings 
were  procured  and  cold  worked  at  tho  Va  tor town  Arsenal.  They 
were  finish  machined  at  the  l.'stervliet  Arsenal,  The  chromium 
plating  was  done  at  the  lrankiord  Arsenal,  as  described  in 
Section  I. 


V 1  A. A.  Gun  MI  -  No.  ?  (Liner  lorglnc  No.P301-l) 

The  record  of  firings  insofar  as  Proving  Ground  tests  are 
concerned  are  contained  in  the  following: 


Round a 


Mr in;:  Pocord  Ho 


Dates 


1-11 
12  -139 
140-  591 
592  -W 
W-1.973 
1074 

1075  -  1033 
1034  -  1630 
16.il  -  1649 


3753 

3742 

3776 

3795 

Fired  by  62nd  0./,. 
4004 

Mrod  by  62nd  C.A. 
4443 


Auc.  20-22-1923 
Cent.  5-14-1923 
Cent.  17-0et .  15-1923 
Oct.  16-31-1923 
April  1929 
Mny  ft,  1929 
June  1-3-1929 


The  behavior  during  firing  s  no  different  than  was  ex 
per lcncecl  with  r.  standard  .linen*. 


Tho  liner  w. s  ct.M  f./  u.-.ecJ  periodically  r.ncl 
these  Proving  Ground  records  r  re  follows: 

Cter/u  niv*  record  i  ter  11  pounds . 

Ho  chant e  In  i  roov..r.  or  eh  :.. )  -r  d if  motor. 


.0005"  end  .0019”  inerers.  In 
the  breech  end  rv.s  jeetivcLy. 
noted  u  >  to  Inis  time. 


dir  tor  at  32.5 
.;o  chi  n.t.e  In  the 


extracts  from 


J.nncs  show 
r.nd  32.3”  from 
olatinj*  wan 


St  nrn.n-c  recor!  after  5 '*6  u');:1):!;: . 


Inches  from 
Creech _ 


Lands  Grooves 

CP/  nr.e  Ch;-ni,0- 


42 

40 

39 

33 
37 
36 
35 

34 
33 

32.5 


000” 

-.093” 

090 

-.002 

001 

-.002 

002 

-.002 

003 

-.001 

006 

.000 

Oil 

.001 

013 

.003 

017 

.003 

020 

.012 

Mo  chi  n;;o  vv  s  noted  in  chamber  dimensions .  ?hc  chromium 
pin  tin/;  v/r.s  no  Ion/,  or  visible  to  the  eye  In  the  bore  of  the  fun, 
on  lands  or  in  f.roovor.  ,?ho  non-ferrour  d  coos  It  of  netel  from 
the  rota  tin/;  bands  obscured  the  surface  sorrevhet  and  It  res  ln- 
posr.lole  to  state  whether  or  not  the  platin/;  had  flaked  off. 
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After  883  rounds. 


Inches  from 
brooch 


44 

42 

40 

39 

38 

37 

36 

35 

34 

33 

32.5 


No  evidence 


After  1. (. > 49  re1  ::tds 

Inches  from 
br«eeh 


6o 

.05 

50 

48 

46 

44 

42 

40 

39 

33 
37 
36 
35 

34 
33 

32.5 


Lands 

Change 

.000" 

.001 

.002 

.005 

.003 

.010 

.016 

.023 

.029 

.035 

.039 

of  v>latlng  remains 


Lends 

CJvni/o 

...on]  " 
.002 
.004 
.006 
.010 
.014 
.017 
.022 
.025 
.031 
.037 
.047 
.053 
.065 
.073 
.073 


Grooves 

Change 

-.003" 

-.003 

-.004 

-.003 

-.002 

.000 

.001 

.003 

.006 

.013 

.018 

visible  in  bore 


Grooves 
rh.1  nro 

-.003" 

-.001 

.001 

.003 

.004 

.004 

.005 

.006 

.007 

.008 

.009 

.011 

.015 

.018 

.027 

.030 


This  concludes  the  stf.rncu,,c  records  on  this  liner  at 
the  Proving  Ground, 
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The  record  of  firings  insofar  ns  the  Proving  Ground  tort.?; 
nro  concerned  are  contained  in  the  following: 


Hound  a  Fir  j.ng  Poe  rd  !!o.  Date 


1 

-  10 

3754 

Aug.  23-192? 

11 

-  1*3 

3743 

fiopt,  5-14-192? 

1 34 

-  741 

3774 

tin  nt.lV-Oct.  15-192? 

742 

-107* 

3796 

Oct..  3  6-33-19?? 

1079 

-1090 

3994 

Kay  2.1-22-1929 

1091 

-1132 

399? 

Kay  23-1929 

1133 

-1142 

4047 

June  12-26-1929 

1143 

-1145 

4957 

July  2 ,  1929 

1146 

-1161 

4122 

Aug.  1-5-1929 

1162 

-1173 

4146 

Aug.  9-1929 

1174 

-1190 

4147 

Aug .  16-16-1929 

1191 

-1202 

415* 

f opt.  3  1929 

1203 

-1212 

4159 

font.  3-1929 

The 

line,  has  been  in 

the  no 

r:;<  salon  of  the  62nd  Coast 

Arti  1.  lory 

rubso'-iuont  to  tk: 

r^unf 

7:  shown  and  no  record  oi 

its  concli 

tion  is  available 

after 

those-  firing?;. 

Prior  to  firing,  inspection 

of  the  liner  boro  indicated 

tin  epos  rent  a  bn cnee  of  chromium  elating  near  the  breech  mid¬ 
way  of  the  bore,  and  also  near  t’ne  nuzzle. 

During  tho  first  firing  test,  n  or tch  of  chromium  plat¬ 
ing  was  removed  from  the  bore  by  hound  No.  P. 

The  liner  v;as  stargMiged  periodically  with  the  following 
results: 

Ft arrange  he cords 

After  10  Pounds. 

Nr  change  in  bore  or  chamber  excoot  .001”  increase  in 
land  diameter  32  .2"  from  breech  end.  The  chromium  plating 
was  peeling  ofi  noticeably  in  soots  throughout  the  bore. 
Midway  of  the  bore  at  9  to  12  o'clock,  it  had  peeled  for  r« 
distance  of  l?” . 
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ft  ft or  729  Pound 3 . 


Distance  from 

Lend 

Grooves 

br  «m  ft*  !i 

fho!u:e 

Ch'.n/jc 

40" 

-.003n 

-.003" 

39 

-.001 

-.003 

3C 

.000 

-.002 

37 

.001 

-.001 

36 

.005 

.002 

35 

.010 

.004 

34 

.015 

.OOS 

33 

.022 

.012 

3.3.5 

.027 

.016 

The*  chrc.iluM  tinr.  v.*t<c  no  Ion,*; or  visible  in  the  bore, 
but  ::uy  have  b  :on  obscured  sonounut  by  tiio  non-ferrous  me  tel 
deposit  Iron  the  rot:. tin;;  band:  . 


After  107?  bounds. 


stent*'*  iron 

Uvici 

Grooves 

breech 

ljl£UJ£C 

Cb;  nro 

44 

-.001" 

-.003" 

42 

.001 

-.003 

40 

.005 

-.00? 

39 

.000 

-.001 

3P» 

.010 

.000 

37 

.014 

.001 

36 

.019 

.002 

35 

.026 

.005 

34 

.034 

.010 

33 

.043 

.016 

32.5 

.052 

.023 

The  ole tins  bed  apparently  dlrrppuarod. 


Af  tor  13  22  Round  a 


(NOTE:  This  number  ol*  rounds  furnished  by  62nd  C.A.C.) 


Distance 

from 

Ln  r.d 

Grooves 

brooch 

Chf 

Chen go 

60 

.000!' 

-.003” 

55 

.000 

-.002 

50 

.002 

-.001 

4$ 

.003 

.000 

46 

.005 

.001 

44 

.OOP. 

.003 

42 

.on 

.004 

40 

.014 

.006 

39 

.01* 

.007 

3  P 

.023 

.003 

37 

.023 

.010 

36 

.035 

.012 

35 

.0/3 

.015 

34 

.Of  2 

.013 

33 

.061 

.026 

32.5 

.073 

.031 

The  chromium  ol; 

t  In;;, 

epoo:.  red 

to  be;  intoct 

Is  s  c  ti  ix  i  u 

OX  IliU 

U  C  4  * 

It.  » 

prison  of 

Erosion 

hobs 

v!or  of 

T. Lucre  I!o.  2  (' 

Jf 

XL. 

~"T!  -r 

)  v:M-h  r 

T’’)T  r  *  <'.n  T,<  n*'r 

Liner  TIo.X  Unplnted  Liner  ho. 2  PI?  ted  Liner  ho. 3  1'lr.ted 


Round 

Erosion 

Extent  of 

Erosion 

Extent  of 

Erosion 

Extent  of 

No. 

tit 

erosion 

a  t 

ores  ion 

at 

erosion 

or  1 1\  1  n 

forward 

or  1 1»  ln 

forward 

origin 

forward 

of  rif¬ 

of  ori¬ 

of  rifl¬ 

of  ori¬ 

of  rif¬ 

of  ori¬ 

ling. 

gin. 

ing  . 

gin. 

ling. 

gin. 

Inches 

^Inches 

Xncl.cr 

Inches 

Inches 

Inches 

9 

.000 

.000 

10 

.001 

.000 

11 

.000 

.0005 

.000 

576 

.025 

11  1/2” 

5*6 

.020 

6  1/2 

729 

.027 

4  1/2 

*02 

.035 

13  1/S 

*** 

.039 

9  1/2 

107* 

.052 

9  1/2 

-  : 

L*  - 

In  evaluating  these  data  it  is  noted  that  the  chromium 
plating  on  Liner  No.  3  was  not  satisfactory  when  received  as 
noted  on  the  original  stnrgauge  record.  The  plating  had 
raised,  a  pacer  ini:  like  small  rust  spots  throughout  the  bore. 

It  appears  from  this  comparison  that  chromium  Dieting 
offered  little  advantage  in  decreasing  erosion  at  the  origin 
of  rifling,  but  it  indicates  that  the  extent  of  the  erosion 
through  the  bore  was  materially  reduced  when  the  liner  was 
chromium  plated. 


Extract  from  be  port  of  A .  A .  Exercises  at_  Aberdeen  V  r  oving 
Ground  and  Ft.  Humphries,  Vr. .  -  <9 c pt_.__t o  Nov .  1928 

Page  75  -  Pm  ♦  17.  6 . 


,i  .v.  *  *  <pv;o  0f  t,n0  removable  liners  were  chromium 
plated  on  che  .interior  of  the  bore  and  exterior  sur¬ 
face.  It  was  found  tlr  t  t  u  chromium  plating  in  the 
bore  flakes  cfj  very  rapidly  and  after  severe  1  weeks 
of  firing  h:  d  ent  irely  dir*  'neared.  The  chromium 
plating  for  the  inside  of  the  cun  apparently  has  no 
benefi  cial  effect.  The  chv'  miun  plating  on  the  out- 


id  o  of 


J.  * 

L.  i 


h  finish  rnd 


prevents  rusting.  The  other  two  liners  not  chromium 
plated  functioned  equally  well  ana  it  is  doubted 
whether  the  chromium  plating  on  the  outside  of  the  gun 
is  necessary’’. 


Pago  130  -  Par.  213 . 

♦’Chromium  plated  liners:  That  further  study  be 
instituted  with  a  view  to  improving  the  performance 
of  chromium  plating  and  that  chromium  plated  liners 
be  then  retested”. 


Resume 


This  report  was  rendered  after  the  1928  tests  and  was 
prepared  by  officers  who  had  carefully  observed  the  behavior 
of  the  chromium  plated  liners,  it  is  apparent  that  the  board 
did  not  consider  the  noticeable  increased  resistance  to  erosion 
duo  to  chromium  plating  shown  by  the  stargnuge  records  in 
drawing  up  their  conclusions. 


192b 

In  O.C.H.  Item  No.  7510,  March  14,  1929,  the  manufactur¬ 
ing  service,  Oft  ice,  Chief  of  Ordnance,  requested  authority 
to  chromium  plate  one  (l)  3”  A. A.  gun  liner,  M3,  bore  to  a 
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depth  of  .001",  which  was  approved  by  the  Ordnance  Committee. 

The  Removable  Liner,  M3,  No.  1  (Forging  No.  12*62-6-55) 
was  chromium  plated  in  accordance  with  O.C.M.  Item  7510. 

This  liner  was  assembled  to  3*’  a . A .  Cun,  H3  No.  1.  It  was 
procured  and  cold  worked  at  the  Vs tor town  Arsenal,  finish 
machined  at  the  V/atervliet  Arsenal  and  probably  chromium 
plated  at  the  Frankfort!  Arsenal. 

This  liner  was  tested  at  the  Proving  Ground  during  the 
Antiaircraft  Lxorcises,  1929. 

The  firing  records  of  this  llnor  are  contained  in  Prov¬ 
ing  Ground  reports  as  follows: 


Round; 


Firing  Pecord  No, 


Date: 


1-9 

10  -  556 


4170  Sept.  9-11,  1929 

Fired  by  62nd  C.A.  Oct.  9-29,  1929 


The  firing  records  do  not  show  any  changes  in  the  chromiir 
plating  during  these  firings. 

Ctargsuge  measurements  were  made  at  the  Proving  Ground  rs 
follows: 


ff-'  v>  P'  ’■ — ,  r  'Pordo 


After  6  Rounds. 


No  changes  occurred  in  diameters  across  lands,  grooves 
or  in  chamber.  There  was  no  evidence  of  the  chromium  plating 
having  been  affected  by  those  rounds. 


After  556  Pounds. 

Inches 

from 

Breech 


Lands 

diameter 

change 


Grooves 

diameter 

change 


40 

-.002” 

-.002 

3? 

-.001 

-.002 

37 

-.001 

-.001 

36 

-.001 

-.001 

35 

-.001 

-.001 

34 

.003 

.000 

33 

.024 

.003 

32.5 

.033 

.008 

There  was  no  evidence  of  the  chrome  plating  leaving  the 

bore. 
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COinfKIH.ttVP  El‘0£ 


!  on  Her  !\\ ire monts  he 
and  M  rv^T.  3  and 


t win  JLincr  Ho.  I  .(?  In  tod). 
!  uot.  ’Mated) 


Distance 

fro;:] 

Brooch 


Liner  l.’o.l 
(l2'*62-6-55) 
pftor  3f3  rdf.. 


Liner  No. 3 
(12863-4-56) 
nftov  305  rds. 


Liner  No. 4 
(12868-6-5^) 
ef  ter  260  rdn. 


Inches 

VMr.ted 

- 

IJn  slated  ~ 

50 

-.002 

-.002 

-.002 

4* 

-.002 

-.001 

-.001 

46 

-.032 

.001 

.000 

44 

-.003 

.002 

.000 

42 

-.003 

.003 

.001 

40 

-.032 

.005 

.001 

3* 

-.002 

.003 

.003 

37 

-.002 

.009 

.004 

36 

- .  001 

.011 

.005 

35 

-.001 

.012 

.006 

34 

+  .001 

.013 

.007 

33 

.016 

.015 

.00* 

32.5 

.025 

.016 

.009 

Distance 

from 

Breech 

Inches 

Liner  Mo.l 
after  556  rds. 
Plated 

Liner  Ho. 3 
after  775  rds. 
Unpin ted 

Liner  Ho 
after  771 
Unplated 

50 

-.002 

-.002 

-.003 

48 

-.002 

-.001 

-.002 

46 

-.002 

.002 

.000 

44 

-.002 

.004 

.003 

42 

-.002 

.010 

.007 

40 

-.002 

.015 

.012 

38 

-.001 

.021 

.019 

37 

-.001 

.025 

.023 

36 

-.001 

.029 

.027 

35 

-.001 

.  03-4 

.030 

34 

.003 

.037 

.032 

33 

.024 

.039 

.034 

32.5 

.033 

.040 

.037 

Those  comparative  measurements  show  that  chromium  plating 
has  not  reduced  the  erosion  at  the  origin  of  rifling,  but  has 
materially  increased  the  resistance  of  the  bore*  of  the  liner 
to  spread  of  erosion  forward  of  the  origin.  Tn  the  plated 
liner  the  erosion  extends  forward  1  1/2  inches,  whereas  in 


21  - 


unplstcd  .liners  with  loss  rounds,  It  hns  extended  13  1/2  i  nd 
9  1/2  inches  respectively. 

After  rounds  the  extent  of  erosion  in  the  plated 
liner  Is  1  1/2  Inches,  whereas  after  775  and  771  rounds  in 
unpin  tod  liners  It  Is  13  1/2  and  11  1/2  inches  respectively. 

The  Report  of  the  Antiaircraft  Exorcises,  1929  -  Aberdeen 
Proving  Ground  reports  as  follows: 


Pare  **  -  ”  ci  -  c  hr  on  lun  pi.  at.  in;:  - 

The  bore  surface  of  one  of  the  liners  (No.  1) 
has  been  chromium  plated.  «•  *  •*  #  •* 

There  was  no  evidence  ol  the  chromium  plating  dis¬ 
appearing  from  th '  liner,  as  was  noted  in  the  chromium 
piated  liner  furnish  >0  for  test  last  year.  Due  to  the 
rapidity  of  firing  a  ::b  other  causes,  It  was  not  pos¬ 
sible  to  stc.rgMigc  ihc  litK'r  ns  often  as  every  100 
rounds.  Continuing  record::  were  made  and  based  on 
an  equal  number  of  rounds  from  each  liner,  the  follow¬ 
ing  facts  were  die closed: 

(1)  For  the  first  inch  from  the  origin  of  rifling 
the  erosion  of  the  two  tyoes  of  liners  is  the  same. 


(2)  From  1  to  1  1/2  Indies  from  the  origin  of 
rifling  the  plated  liner  shows  a  gradual  decrease  in 
the  Amount  of  erosion,  .as  compared  to  the  unpletcd 
liner.  Beyond  1  1/2  inches  the  plated  liner  shows 
practically  no  erosion  whatever,  whereas  the  erosion 
of  the  un plated  liners  extends  to  from  12  to  16,!  from 
the  origin  of  rifling. 

(3)  There  vaas  slightly  less  copper  deposit  on 
the  plated  than  on  the  unplated  liners.” 


Prr.o  74.  ”  33-o  -  chromium  plated  liners  - 

That  the  investigation  of  chromium  plated  liners 
be  continued.” 


1930 

The  manufacturing  service  in  a  memorandum  contained  in 
O.C.K.  Item  no*:,  February  20,  1930,  recommended  that  4 
liners  be  chromium  plated  for  test  during  the  Antiaircraft 
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Exercises  In  1930.  The  recommended  thicknesses  of  pin  tine 
wove: 

1  liner  -  .0015”  thick 

2  liners  -  .0020’'  « 

1  liner  -  .0030”  ” 

These  recommendations  were  approved. 

The  following  liners  were  chromium  plated  by  the  Worth¬ 
ington  ?ivp  Conr-ny.  Buffalo.  Hew  York,  and  firing  records 
at  the  Aberdeen  Proving  Ground  for  the  same  are: 


Liner  c  hr  cm  L  urn 

plated  in  bore  .0015” 

thick. 

Rounds 

l:t ring  R <  cord  Ho. 

Rate 

1-7 

46.1? 

Aug.  9,  1930 

8  -  167 

4652 

Aug.  19-26,  1930 

16?  -  90B 

4794 

Aug .  27  -  Nov.  7 

3”  A. A.  Gun,  M3  -  Ho.  •?  "i  th  Removable  Liner 

Liner  chromium 

plated  in  bore  .0020” 

thick. 

Rounds 

Fir  In;:  Record  Ho. 

Rate 

1-7 

4619 

Aug,  9,  1930 

8  -  53 

4653 

Aug.  9-26,  1930 

54  -  977 

4795 

Aug.  27  -  Nov.  7 

3”  A. A.  Gun,  M3  -  Ho.  9  with  Removable  Liner 

Liner  chromium 

plated  in  bore  .0020” 

thick. 

Rounds 

Firing  Record  No. 

Da  te 

1-7 

4615 

Aug.  8,  1930 

8  -177 

4654 

Aug.  19-26,  1930 

17?  -734 

4796 

Aug.  2 7-No v.  7, 
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No.  JO  with  T-ciu.'vnbl.c  Uni  r 


3"  A .A.  Gun,  M3  - 
Liner  chromium  pin  tod  In  boro  .0030”  thick. 


Round  No. 

firing  Record  No. 

rat.) 

1 

-  7 

4620 

Aug. 

9.  .1930 

8 

-126 

4603 

Aug. 

19-26, 

127 

-1033 

4717 

Aug. 

27-No v. 

J  030 


1930 


Ptargnugn  records  were  taken  periodically  and  arc  ex¬ 
tracted  us  follows: 


3”  A. A.  Hun  ,  HQ  -  No.  7  .0015”  thick  pic. tin;: 

Star  (i.-i i ;_n_r  e cord  i. 

Aft or_ 7  round a 

No  eh*  nge  in  diameter  in  bore  or  chamber.  No  evidence 
of  chromium  olatinp;  leaving  the  bore. 


After  1.7  '  rounds 


No  change*  in  bore  or  char  err  dinmef  orr. «  Slight  cooper¬ 
ing  evident.  No  evidence  of  ci  iron  inn  pin  ting  leaving  the 

bore. 


A  ft or/.  O')  r  ound  s 


Distance 

Lands 

Grooves 

from 

Change  j.n 

Change  in 

Breech 

Di  a me ter 

Diameter 

34  .000  .000 


^  ”T 

33 

.004 

.001 

32.5 

.014 

.006 

No  evidence  of  chromium  plating  leaving  the  bore. 

After  674  rounds 


Distance 

Lands 

Grooves 

from 

Change  in 

Change  in 

Breech 

Diameter 

Diameter 

37” 

.000 

-.001 

36 

.005 

- .  001 

35 

.009 

.000  . 

34 

.010 

.004 

33 

.019 

.008 

32.5 

.033 

.011 

24 


No  evidence  of  the  e hr one  plating  leaving  the  bore 
except  neitr  the  origin  where  the  erosion  has  removed  it. 


After  301  rounds 

DJ  stance 

Lands 

Grooves 

from 

Change  in 

Change  in 

breach 

Diameter 

Diameter 

39" 

-.001 

-.002 

3H 

.000 

-.002 

37 

.002 

-.002 

36 

.007 

-.001 

35 

.013 

.002 

34 

.018 

.006 

33 

.027 

.010 

32.5 

.036 

.013 

Mo  further  evidence  of  remove  1  of  chromium  plating. 

After  90^  rounds 

Distance 

Lands 

Groover. 

from 

Cl'vr.re  in 

Or  n--e  in 

Breech 

K  r;s, «  r-.- 

D  anoter 

39" 

-.001 

- .  003 

33 

.001 

-.002 

37 

.005 

-.001 

36 

.009 

.000 

35 

.015 

.002 

34 

.020 

.006 

33 

.031 

.011 

32.5 

.041 

.014 

Three  lands  on 

the  right  hand  side  showed  very  slight 

fie  icing  of  chromium 
muzzle. 

pi;  ting  between  6 

and  12  inches  from 

3"  A. A.  Gun,  M3 

-  !'o.  * 

002"  thick 

€  tan  ;?;  uge  Pec  ord  s 

After’  7  rounds 

Mo  change  in  bore  or  chamber  diameters.  No  evidence 
of  dating  leaving  the  bore. 
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Distance* 

irrin 

Breech 


Groover. 
Change  In 
P  !  /  rent  or 


M'l.cr  H:0  round ;i 


Irwin 
Change  In 
PL  ‘net  or 


33  .000  .000 

32.5  .004  .000 

The  chron lure  nlatlng,  hoi:;.;:  to  f.l.:  l:r  from  the  origin  of 
rifling  f«»r  n  dirt:  no*  of  5  1/2  inches.  r.;:i;iL1  root':  on,  ton 
ol  lawns  between  o  :  no  10  o'clock  Iron  t  Uivay  oi*  bore  to 
within  12  Inc  hoc  of  the  reusr.b  flaked  oil. 


/.f'lrr  //,'•]  r  on  rid  r. 


Dirt.:  nco 
fron 
Br<  rch 


L:  ndi 

Chengt?  in 
p I  ;  -l  cy 


Groover. 
Clr  n;;<  in 
PI:  "c ter 


3*3" 

.  000 

37 

.001 

36 

.003 

35 

.008 

34 

.013 

33 

.015 

32.5 

.022 

-.0X1 
-.002 
-.001 
.000 
.  on:) 

.001 

.003 


bore. 

tancc 


The  chromium 
Arnerently 
of  5  inches 


dieting  fit! 
the  plating 
forward  fro: 


red  off  the  lands  reidv:ey 
is  entirely 
origin 


the 


rare  over:  1  ov 
of  rifling. 


of  the 
fi  cHs- 


/f  tc r  ,703  rounds 


Distance 

Lands 

Grooves 

fron 

Change  In 

Change  :in 

Breech 

Pi  jinotor 

Diameter 

40 

.000 

-.002 

39 

.002 

-.002 

3S 

.004 

-.002 

37 

.000 

-.002 

36 

.012 

-.002 

35 

.017 

-.001 

34 

.022 

.000 

33 

.027 

.004 

32.5 

.036 

.008 

The  fir-king  ol'  the  chromium  pin  tin/;  extended  to  within 
3”  of  the  rauzxlc  face  and  over  more  then  half  the  lands. 
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Thorn  v«w  no  firkins  In  the  grooves.  The  finking  at  tho 
origin  extends  forvnrd  14"  completely  around  tho  boro. 


After  977  rounds 

Di stance 

hands 

Grooves 

from 

Clungc  in 

Chango  in 

.hr  o  oeh _ 

1)1 :  *no  t.  *  r 

Pit-meter 

44 

-.902 

-.004 

42 

.001 

-.004 

JO 

.006 

-.004 

29 

.010 

-.003 

2« 

.013 

-.002 

37 

.019 

-.001 

26 

.025 

.000 

25 

.030 

.002 

o » 

.037 

.004 

r< 

.042 

.010 

•##i  /; 

.049 

.012 

I/o  increase  in  fl;  ’:i:p  of  chromium  ;.vl;  line  since  loot  ctr.r- 
Cti  up,  in/;. 


;  •  K .  Cr.n,  M3  -  0 


.0020"  thick 


St  or  Gau**e  Records 


y.ftor  7  rounds 


y.o  cht  nee  in  bore  or  chamber  diameters.  ’J'iio  chromium 
plat. In-;  shoved  r.Utht  evidence  of  leaving  tho  bore  np:n*ox- 
imetoly  44  1/2"  irorn  the  breech  free;  nice*  Midway  of  the 
bore  nt  5  o’ clod; . 

After  173.  rewrris 

No  change  in  bore  or  c  bomber  dir  motors.  Tho  evidence  of 
plating  leaving  tho  bore  ;  t  r  position  44  1/2"  from  the 
breech  fi.ee  did  not  develop  further.  Tho  flaking  midway  of 
the  bore  increased,  affecting  coven  lands  nt  5  o’clock,  for 
a  distance  of  ?  inches. 
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fitter  /,??  rennd r: 


Dlstnnco 

f.:  nd  3 

Groover. 

1  row 

Change  In 

Change  in 

Brooch 

D  I, /•ii.-tcr 

))j;  Mctormi 

37 

-.001 

-.001 

36 

/)01 

-.001 

35 

.002 

-.001 

34 

.033 

.003 

33 

.037 

.001 

32.5 

.017 

.003 

7} ic  chroM 

Urn  plating  started  fir 

king  off  the  i 

about  35  Inc ho 

r-  Iron  brooch  lecn. 

After  61  jt  rounds 

Distance 

I '  no  r 

Groover 

from 

Ch,  n  o  ’n 

C’h:  :vr  in 

Breech 

r  ±rr_ 

37 

.  0  1 3. 

-.002 

36 

.031 

-.002 

35 

-.001 

34 

.005 

.0  1) 

33 

.017 

.006 

32.5 

.027 

.0.10 

Chromiun  plating  sho  ‘d  flakin'-  ::.iG'.:ay  of  the  boro  rr.d 
for  n  space  6"  iron  the  forcing  cone. 


Aftcr_ 734  minds 


Distance 

T.r  nda 

Grooves 

f  roi:i 

Ch/  nge  in 

Change  in 

Breech 

Pi  t  "'(-ter 

1*1;  no  ter* 

33 

.003 

-.003 

37 

.003 

-.004 

36 

.004 

-.003 

35 

.006 

-.001 

34 

.009 

.001 

33 

.021 

.010 

32.5 

.032 

.012 

3"  A. A.  uun,  M 

3  -  No.  10 

.003”  thick 

Star range  Keeord 

• 

r, 

After  7  round n 

No  change  in  bore  or  chamber  dir  motors.  Tho  chromium 
plating  loosened  up  4 3 11  Jmo  tho  brooch  free.  It  v»r a  greatest 
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on  the  lunch'-  end  extended  ercund  the  boro.  Photograph 
A . 11 .  G .  26990,  iiho’.va  fin  irorc&.'iion  oi’  thir  condition 
f  r*t:  It  (ippcM‘«  that  tho  pietlni;  \:im  not  bonded  to  the 
be  t>a  uctbl. 


A  ft  or  176  mends 


die 

end 

v;&rd 


Dletnnco 

Iren 

'dree  eh 

Lf  no  a 

ChMigc  In 

Die  Meter 

Groove.*) 
Chi.nce  In 

DIj  voter 

55 

.000 

.000 

50 

.001 

.000 

4P.5 

.001 

.000 

43 

.004 

.000 

47.5 

.00,1 

.000 

46 

.000 

.000 

44 

.000 

.000 

42 

.00.1 

.000 

40 

.001 

.000 

29 

.001 

.000 

.000 

.000 

37 

.000 

.000 

36 

.000 

.000 

•  » 

•  *» 

.ooo 

34 

.000 

.000 

Tho  flchliv  ot 

c  Monition  4c,p  fro: 

t  the  breech  fnco 

not  Incrcrne.  F.l:  st:  rtr.d  r.t  i 

the  nus?le  on  lend 

grooves  between 

one  find  7  o’clock. 

u'M  extended  rci.r 

for  one  inch. 

/if ter  /.Of  rounds 

Dictnnce 

bends 

Groove.*? 

from 

Chtaiiic  in 

Chr.ncc  in 

Breech _ 

Tl:  votf  r 

fd SMeter 

55 

.003 

.000 

50 

.001 

.000 

4S.5 

.001 

.000 

4" 

.004 

.000 

47.5 

.001 

.000 

46 

.000 

.000 

44 

.000 

-.001 

42 

.001 

-.001 

40 

.001 

.000 

39 

.001 

.000 

33 

.000 

.000 

37 

.000 

.000 

36 

.000 

.000 

35 

.000 

.000 

34 

.000 

.030 

.00? 

.004 

29  - 


The  flaking  of  tin*  <*ln'o:rt* tri  jlrtlnf'  extended  both  n round 
the  bore  nnd  ronrn.rd  from  the  rnr.r.lo. 


A flpr  62 6  i onndn 

Dir  time  c 

bond  a 

Grooves 

from 

Chnn/.e 

Chr.Mne  in 

Broenh 

Dir  nctrtr 

1J!  r  meter 

55 

.000 

-.001 

50 

.003 

- .  001 

4« 

.004 

.000 

46 

.000 

.000 

44 

.000 

.000 

42 

.001 

.000 

40 

.001 

.000 

30 

.003 

.000 

35 

.000 

.  000 

37 

.000 

.000 

36 

.000 

.000 

35 

.  00  4 

.coo 

34 

.OJ  6 

.002 

33 

.02;; 

.017 

32.5 

t  j  •* 

.on 

Muhin/,  Lt  the 

muj  :'lt;  iner*  .  ::c.  i.  i  i • 

iitly  In  ciouth 

/ftf.r  746  round# 

Dletnnru 

I.amlr 

Creovt  rs 

from 

C/iMifo  in 

Cii : : j /t o  In 

nr  cr oh 

r  ii!  inter 

TV* r.ot  •  v 

55 

-.003 

.000 

50 

-.002 

.000 

48 

.004 

-.001 

46 

.000 

-.001 

44 

-.001 

-.001 

42 

.000 

-.001 

40 

.000 

-.001 

39 

-.001 

-.001 

38 

-.002 

-.001 

37 

-.002 

-.001 

36 

-.001 

.001 

35 

.003 

.003 

34 

.022 

.004 

33 

.033 

.011 

32.5 

.042 

.014 

Flight  lucre:  sc 

in  firkin,;  v.r.  s  noted 

• 
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Aft.cv  (f'*P  ronndr: 


Dir  timet* 

Lc.ndo 

Grooves 

from 

Chim/.c  in 

Chnnr.e  in 

Brooch 

rij ;  eter 

Pierce tor 

55 

-.002 

-.002 

50 

.00.1 

-.002 

43 

.014 

-.002 

46 

.000 

-.002 

44 

-.001 

-.002 

42 

.030 

-.002 

40 

.000 

-.002 

39 

.'100 

-.002 

33 

.000 

-.001 

3V 

.002 

.0)1 

36 

.009 

.004 

35 

.020 

.006 

34 

.0.51 

.003 

33 

.042 

.017 

32.5 

.051 

.019 

No  chcngo 

in  caver.! urn  pit. ting  wn# 

noted. 

Afte  10J.J1  rr-urul  « 

Dirtc  nee 

hands 

Grooves 

from 

Ch’.u,  e  In 

(‘hinge  in 

Jive  cell 

T 1  .*  ^  toy 

)M;  net  nr  _ 

55 

-.001 

-.001 

50 

.001 

-.001 

43 

.004 

-.001 

46 

.000 

-.002 

44 

.000 

-.002 

42 

.001 

-.002 

40 

.001 

-.001 

39 

.000 

-.001 

3* 

-.001 

-.001 

37 

.002 

.001 

36 

.010 

.004 

35 

.022 

.007 

34 

.033 

.009 

33 

.045 

.013 

32.5 

.054 

.020 

No  change  noted  in  chromium  pic. ting. 


13  •:ith  yos.  2 .  3.  and  4  Onolated 


.054  5-1 '2 


In  each  of  these  liners,  firkin;?  of  the  chrontlu.n  plat¬ 
ing  started  early.  This  flaking  r?ns  not  of  the  anno  dor, roe 
In  each,  but  there  lr»  no  means.  ol*  evaluating  this.  failure. 


Assuming  that  Die  liner:;  were  equally  resin  bant  to  ero¬ 
sion  insofar  a  r  chromium  pin  ting  wan  concerned,  an  analysis 
of  tho  comparative  data  shown: 

(a)  That  chromium  plating  tends  to  reduce  the 
erosion  at  tho  origin. 


00  Vlia t  Die  erosion  pro gro 
thor  In  non -plated  liners. 


os  J’cetor  and 


far- 


(o)  That  the  trend  of  erosion  Is  to  Increase  in 
amount  and  in  area  In  direct  proportion  to  the  thickness  of 
the  plate.  Vh:  t  is,  a  thin  oiat’inc  of  chromium  is  better 
than  a  heavier  one. 


tract,  from  ’  nor*  of  nt  f  **  l re* 


f  U 

.  t» 


Kx^r rises  102*) 


The  r<  iort  of  the  Anti:  \  verr  f  t  Fxerctson  held  nt  tho 
Aberdeen  ’droving  Grruin  eur  l?j0  cr  -ents  es  follows, 
regard  in::  the  chromium  plates  liners: 


a go  6  -  f,^-d  -  ciire:  Urn  r>  1 :  z*  j. 


Co  mo*  risen  of  the  ftrr  ;.o  records  of  the  guns  used 
during  the  exercises  lest  y<r  "  '’.nd  thlr  year  tends  to  show 
that  tho  chromium  plating  of  this  gun  .is  praetic:  1  and  that 
the  chr  »isti  *  plated  liner  l:  super i or  to  other  types.  J’rorii 
ex  n'-rlenco  in  the  part  two  >  rs  it  :  nnenrs  that  plating  to 
a  thickness  iron  .001"  to  .0015"  is  the  most  satisfactory. 
Thlr.  opinion,  however,  is  based  on  cxuerlcncc  with  one  gun 
in  each  or.se.  1  in* thor  comparative  test,  should  be  made  v  1th 
two  groups  of  three  or  more  guns  plated  to  a  thickness  of 
.001"  and  .0015"  and  stargsug ings  made  at  regular  intervals 
throughout  the  life  of  those  guns. 

One  of  tho  liners  furnished  this  year  was  chromium 
plated  on  the  exterior  zo  a  depth  of  .0005”  while  three 
others  were  untreated  on  the  outside.  Wh.cn  tho  .1  tnors 
were  removed  at  tho  end  oj  the  exercises  all  liner  exteriors 
rud  tube  Interiors  were  In  excellent  condition  except  the 
one  which  a  r  c  hr  on  1  nr.  sir  ted  on  tno  exterior.  This  liner 
had  large  burns  and  scores  r/ar  the  forward  shoulder,  and 
another  burn  and  score  on  the  underside  about  2  feet  from 
the  auix.x.ie .  V  *r responding  scores  v.evo  noted  Jr  the  tube. 

It  Is,  concluded  tlr  t.  chromium  ilating  the  exterior  of  the 
liners  Is  unnecessary  and  uncterlrnble." 
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That  chromium  .»lfi t  :.n.  be  continued  for  those  guns  and 
that  further  iv.  peri  munis  bo  cnrrhd  out  v/ith  .001 11  and  .0015” 
plating. 


1 1  ~ 

»  G.  v  •  i.L  •  4 


ir-o  -  vw 

>  •  .  V  •>  -  -  1- 


**  5  »  OUiU«  U  i  1  ■ 

during  tnc  period  1930-1935. 


i  euro: 


*>  ’  •  i  ,  >'»  ,*»  »  >  vi  *  -  1 

0  .L  li  -  G  ‘  *  .>i  1 


O.C.M.  Itci  12462,  (bind  October  31.  1935,  revie/.-od  the 


previous  cscer! once  with  e.ircr lun  vlf.Lmi  lira 


•J  y 


Chr.  .turn  platen,  at 


nd  carried 

? 


approval  to  have  one  3"  A.  A.  li  e  r,  .... 
the  ‘(’aval  Gun  lector/,  V  rain  , t-* n  . \ y  y?  ■  ,  and  then  shipped 
to  the  /roving  Ground  fo:  tost.  11. is  v  o:  a  no  and  3"  A. A. 
gun  illncr,  1*3  “  Mo.  I.",  v  s  centrifn-.eily  o  at  and  eold- 
worked  at  the  ’/atari  -  :n  ;  r ?• c  na  1 ,  .i  1  ush  n:  eueni  at  the  V.'atc r- 
vile t  Arsenal  to  ctaaur.ru  dinens i  our  ,  oy.ee  it  J  or  bore  and 
muzxle  end.  There  letter  d ’mens : eras  were  r.:?ds  as  proscribed 
by  the  J.’avy  De:*  vtwerit.  It  v;  j  tun  i  etury  chro.uj urn  plated 
the  Hnor  in  accordance  ’  ifh  the \y  rtenaarci  elating  procedure 
tu  an  ll  »  <  J  G  .  -it-  t  G  is  4  4  1.  V«  •  t  .  _  ,  k  >  \  J  J  * 


The  liner  vas  received  at  the  Proving  Ground  and  teats 
v/cre  started  in  December,  .1931.  The  tost  of  the  liner  vans 
:nndo  in  conjunction  "1th  tne  test  of  pressure  gauges. 


Inspection  of  the  bore  of  the  liner  prior  to  firing  in¬ 
dicated  that  j  cooper  colored  area  snowed  through  the  chromium 
from  5  to  7  o’clock  from  the  origin  of  r if. ling  to  r  point 
1.5®  feet  from  the  muscle.  The  closer  j.  at  Ion  of  the  Mnvn.i  Gun 
Factory  process  makes  no  mention  of  copper  plating  in  con¬ 
junction  wl  th  chromium  plating. 


£  tar  gouge  records  v/ero  node  at 
then  after  each  5  rounds  there;: f tor- 
fired.  There  i/u  5>  no  change  in  here 
evidence  of  erosion,  ana  no  evidence 
plate. 


the  conclusion  of  7  rounds, 
until  57  rounds  had  been 
or  chamber  dimensions,  no 
of  pooling  of  the  chromium 


M3 


(Eee  First  Partial  report  on  Test  of  3"  A. A.  Cun  Liner, 
Mo.  13®,  Chromium  Plate,  A.P.G.,  lebruary  12,  1936). 


The  Second  Partial  Puoort  on  the  above  subject,  dated 
August  27,  1936,  contains  complete  data  on  the  following: 


After  112  rounda  there  was  no  evidence  oi'  erosion  in 
the  bore.  Coppering  v/as  present  os  v/as  to  be  expected. 

After  132  rounds,  no  erosion  occurred,  although  copper¬ 
ing  increased. 

After  247  rounds,  erosion  of  .002"  occurred  on  the 
lands  at  the  origin  of  rifling  and  extended  forward  for  .5 
inch.  The  plating  remained  intact  and  coppering  deposit 
increased. 


After  333  rounds,  the  stargauge  record  shows: 


that 


Distance 

Lands 

Grooves 

from 

Change  in 

Change  in 

Breech 

Diameter 

Diameter 

26 

-.001 

-.002 

25 

.005 

-.001 

24.5 

.015 

.000 

The  chromii 

an  plating  remained  intact. 

After  401 

rounds  - 

Distance 

Lands 

Grooves 

from 

Change  in 

Change  in 

Breed) 

Dir  .oter 

D la me ter 

26  -.001  -.001 


25 

+  <  0.14 

.001 

24.5 

.023 

.002 

Do  evidence  of  chromium  plating 

leaving  the  bore 

removed  by  erosion 

at  origin. 

After  495  rounds  - 

Distance 

Lands 

Grooves 

from 

Change  in 

Change  in 

Brooch 

D In meter 

Diameter 

27 

-.001 

-.002 

26 

.006 

.000 

2-5 

.022 

.004 

24.5 

.032 

.007 

35  - 


After  640  rounds 


Distance 

Lands 

Grooves 

from 

Change  in 

Change  in 

Brooch 

Diameter 

Dior a tor 

30 

-.001 

-.002 

29 

.001 

-.002 

23 

.006 

-.002 

27 

.012 

-.001 

26 

.023 

.002 

25 

.040 

.014 

24.5 

.060 

.019 

The  chromium 

elating  is  intact 

except  for  that 

by  the  erosion  at  the  origin  of  rifling. 


Comparing  the  erosion  and  extent  of  erosion  in  liner 
13$  with  that  observed  in  li'r-vs  Nos.  I,  7,  8,  9  and  10. 
it  was  noted  that  the  erosion  is  of  greater  magnitude  in 
liner  333,  but  of  no  greater  extent  in  area. 

In  these  tests  on  liner  3.38  periodic  firings  with 


rounds  were  me 

do  in  •  Rich 

vel  oc  i  i.  1  os  a  ml  or  e 

n.  The  resell: 

s  with  the  3 

.2.7  lb.  project  tic 

as  follows: 

Round  No. 

M.  V. 

Pressure 

136 

2331 

34100 

134 

232/, 

34200 

294 

2828 

35200 

642 

2754 

33.000 

662 

2747 

31200 

677 

2743 

31600 

In  view  of  the  increased  erosion  noted  on  the  stsr- 
gauge  records  and  the  loss  in  15. V.  and  pressure,  i.t  was 
decided  that  the  cost  of  chromium  plating  liners  was  not 
warranted  inasmuch  as  increased  accuracy  life  was  not 
obtained . 

O.C.M.  Item  12705,  March  12,  1936,  approved  the 
chromium  plating  of  8  additional  liners  for  service  test. 
In  view  of  the  results  obtained  in  testing  liner  No.  13«, 
this  project  was  abandoned  by  Q.C.M.  Item  13208,  This 
latter  directive  states: 
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w3 -c;  -  Hoconmen fiction s . 

That  the  development  of  chromium  olr. t. ' n/T,  technique  be 
closely  followed  by  tin:  Ordnance:  Department ,  with  a  view  to 
its  possible  cv'nn Ldera tton  for  gun  bore  treatment  when  the 
progress  of  the  art  appears  to  warrant  such  consideration." 


Chromium  olatod  liners 
hands  of  troops.  Liner  b'o. 
where  it  if;  used  as  a  proof 
and  reports  on  its  behavior 


1,  7,  9  and  10  arc  in  the 

130  Is  at  the  Proving  Ground 
facility.  It  Is  bo  In/;  observed 
will  be  made  when  necessary. 


i 

V  -  fi>:r  •c_cnc  Conclusions 
a  -  Technique  oj  chromium  o'* tin/; . 


The  Ordnance  Do  art 
field  oi  doveloiment  in 
private  industries  hove 
The  Bure;  u  o;  ft-  :ioa rdr. 


-nt  has  not  entered  into  an  original 
its  •.■or/  with  chromium  elating.  The 
covered  the  field  of  development. 

!  :  investigated  these  activities 


end 

the 


resorted  upon  then. 

O  f}  »*j  f*  f*  <:  ’f  Vf 


The  !J:  vy  Deoartment  has 

■{,#'»  *’ ij/ j  bi*rvisls# 


applied 


from  the  tests  it  is  noticeable  that  thin  layers  of 
properly  applied  plating  arc  superior  to  heavy  or  thick  lay¬ 
ers.  The  application  of  a  thin  layer,  such  as  is  practiced 
by  the  '.’aval  Gun  lactory,  may  account  for  their  success  with 
chromium  pi?  ting. 


b  -  A  Dpi  1  pa  t '  on  to  amr  11  r  vms . 

The  results  obtained  were  satisfactory. 

The  cost  of  plating  is  excessive  when  compered  to  the 
cost  of  replacement  barrels  end  the  va.luo  of  rdded  accuracy 
life. 

c  "  Application  to  ,;7  mm  Gun  Barrels. 

The  limited  tents  with  this  caliber  barrel  are  not  con¬ 
clusive. 

It  is  probable  the t  the  application  of  the  improved 
technique  to  barrels  of  this  caliber,  would  prove  successful. 
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The  decision  >  a  to  further  invosst !  i:n  tion  cl  plat  I  n/; 
tr,im  barrel.'?  r.J  this  a  liber  depends  upon  costa  of  plat. I nj; 
and  value  returnee  in  accuracy  life. 


d  -  / oilier t 1  on  U»  XLAfJ:-. 

The  errly  testa  were  :;:rdc 
plated  ualrifc  faulty  teclinlcue. 


._C>u  n  Jilni;  rr . 
on  liners?  experimentally 


The  superiority  of  thin 
der.onstrr  toe  In  the  torts  of 
which  was  pi a  cod  with  various 


plat  ini;  over  thick  nisi  tin*; 
fvjlo  .lin  e's,  one  e;eh  of 
thicknesses  of  plate. 


«  t  t% 


The  first  tuct  In  which  loos 
recorded  occurred  in  tim  tes  ta  on 
pi;  ted  at  L  ie  Ibvr.i  t»un  Ipct^ry. 
zlc  velocity  Is  not  serious.,  hip 
erosion  cf  the  bore  Inl’.crtes  Ur 4 
not  econo  ‘.rally  dcr1)\.blc  /  th. 


in  ’  :r:\ i  :■  ::i  o  veloc  t  ty  we  a 
the  line  r  chrorclua 
V/hl:  too  lore  in  i.iu2- 

v«  pi  l  i”v  with  tiic 
n.  ,Ur.i  *j1  tint  is 
»•*  t  uiu:. 


f;  • 
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